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ABSTRACT

This paper describes in theory and in practice a non-degenerate non-oscillatory Parametric Amplifier called

the Hybrid Parametric Amplifier.

Practical measures confirm the theory and, in particular, at 30 MHz a noise

temperature of 18OK coupled with a gain of 6dB is obtained.

Introduction

The conventional Paramp consists of two resonant
circuits as a consequence of which the amplifier can
oscillate if the energy transferred to the signal cir-
cuit is more than the energy loss.  Hence, the reson-
ant Paramp requires an accurately stabilised pump
source.

The Travelling Wave Paramp consists of an artif-
icial transmission line, containing varactors which
propagates the signal, idling and pump energies as
travelling waves. This introduces a phase require-
ment between the signal idling and pump energy at each
varactor which is difficult to maintain. Hence, most
modern Paramps are resonant.

The Paramp described below combines the two tech-
niques and is called the Hybrid Paramp. (References

1,2,3).

The Hybrid Paramp

The Principle of the Hybrid Paramp

The Hybrid Paramp consists of an artificial trans-
mission line at the signal freguency, with series in-
ductances and shunt varactor elements. Assoclated
with each varactor there is a separate resonant idler
circuit. Pump power is fed to each varactor independ-
ently. Fig. 1 shows a single T-section of the Hybrid
Parametric Amplifier.
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Fig. 1 Single T-section of Hybrid Parametric Amplifier

The varactor Co, Rd is resonated by LI at the

idling frequency f the series arms of the T-section

I’
are inductors 3L, %RS and filters are provided to con-
fine energy to the appropriate part of the circuit.

Punp power is fed to the varactor through a capacitor
Cp. The T-section is terminated in its character-
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istic impedance, Zo’ at both ends.

Gain Expression

Calculation of the expression for Zo for one T-

section shows that:
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where U is the signal frequency propagating down the
transmission line. The current IL flowing through

the load is given by
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where R is Y /(CO o wr Rd), wp is the idling fre-

quency and E the generator e.m.f.

Note that when 2R equals 2 + %Rs+ 2Ry the second

denominator term does not vanish(as it does in the re-
gonant Paramp) and the current through the load there-
fore has a finite maximum value. Thug the amplifier
does not oscillate. The maximum available gain

G can be calculated as:
av,max

L+ -g) (3)
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where we have written ws2 L CO/A as g. The above eX=

pression gimplifies to

g+ T Y

Variation of gain with g is shown in Fig. 2 below.
Also shown (Fig. 3) is the variation of gain with pump-
ing level (v) for a particular g selected to give a
maximim gain of 6dB. This illustrates the theoretical
dependence of gain of pump level showing the zero
slope at the optimum gein.
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Fig. 2 Dependence of Available Gain on
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Fig. 3 Theoretical variation of gain as a function of y

In practice, once a varactor is chosen, the gain
is determined by selecting the appropriate value of L
for the series arm of the T-section.

Noise Pigure Expression

To calculate the noise figure of a single T-
section we have to determine the noise dissipated in
the load by the following thermal sources:

1) the

2) the
the

3) the
the

4)

5)

source impedance (Zo)

series loss associated with the first half of
inductance AL
series loss associated with the second half of
inductance 4L

the varactor loss, Rd’ in the signal circuit

the varactor loss, Rd’ in the idler circuit

Conventional analysis for these sources produces
the following expressions for the dissipated noise
powers

kT B(g + -].-]:-_g) (5)
kT, B (g + 1 ) vhere q = Zo/%RS (6)
q 1-g
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FProm these expressions the noise figure for a
gingle stage can be calculated as
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Since the Hybrid Paramp would be operated at moderate
rather than high gain, the noise measure,M, is useful
and is calculated as
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Both M and F degenerate to the form for the con-

ventional resonant Paramp
igted with the inductance
Of particular interest is
quencies the noise figure
be lower than that of the

if there is no loss assoc-
(since 1/q is then zero).

the fact that at VHF fre-

of the Hybrid Paramp should
resonant Paramp since the in-

ductance provided is smaller and since at VEF frequen-
cies inductance rather than varactor loss predominates.

A Practical Hybrid Paramp

An experimental Hybrid Paramp has been constructed
at a signal frequency of 30 MHz with an idling frequen-
cy of around 800 Miz. This signal frequency was sel~
ected in preference to a microwave frequency in order
to confirm the noise figure advantage of the Paramp.

The varactor diode selected was AEI DC 4312B/1
with a zero bias capacitance of 28pF, and a capacit-
ance of 11.5pF at -4 volts bias. It is encapsulated
in an S4 package. Rd is 0.7C.

A gain of 6 dB was selected ag the design value -
this corresponds to a g of about 0.7, which requires
a signal inductance of 5 puH.

The calculated Zo for the T=-section is 317Q.

The idler frequency was trimmed by means of a variable
air spaced 4pF capacitor in series with the idler in-
ductance. Two parallel filters were provided in the
geries arms of the T-section and rejected the pump and
idler frequencies. The photograph (Fig. 4) below
shows the layout of the components.
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Fig. 5 shows the theoretical and measured variation of
gain with pump power - showing the predicted result;
in particular the slope is zero at the gain peak. At
6 dB gain the measured 3 dB bandwidth was 8 MHz.
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Fig. 5 Observed variation of gain with pump power

The noise figure of the Paramp was measured by
following the Paramp with a variable calibrated atten-
vator and a transistor amplifier. The overall noise
figure was measured with a shot noise diode and plotted
againgt attenuation, as shown in Fig. 6 below. The
slope of this gtraight line is (Fl - 1/Gav1) where the

This showed that
compared with a calcul-

subscript 1 refers to the Paramp.
the noise temper%ture was 18
ated value of 17 K at 6 dB.

This noise performance was confirmed by construct-

ing a second identical amplifier and measuring the over-

all noise figure of the two amplifiers in cascade using
the same technique. The measured valug is 227K which
is cloge to the theoretical value of 21 K. The noise
measure calculated from these meagured results is
0.082.
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Fig. 6 Plot of overall noise figure FO against a
Conclusions

It is concluded that the Hybrid Paramp has useful
properties and that gain and noise figures are in acc-
ordance with theory. In particular the need for high
pump power stability is removed since the gain is in-
dependent of pump power at the maximum design gain.
The Hybrid Paramp also gives a superior noise perform-
ance at frequencies at which the inductor loss is sig-
nificant in comparison with the capacitor loss.

A Hybrid Paramp with a noise temperature of 18%
and 6 dB has been successfully constructed at 30 Miz.
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